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SOLID-STATE IMAGING DEVICE AND MANUFACTURING METHOD 
THEREOF AND SEMICONDUCTOR DEVICE MANUFACTURING METHOD 
BACKGROUND OF THE INVENTION 
The present invention relates to a solid-state imaging 
device such as a CCD (charge-coupled device) solid-state imaging 

device or the like and a manufacturing method thereof and a 

I 

semiconductor device manufacturing method such as a process for 
forming a metal interconnection/ a process for burying a contact- 
hole or the like. j 

Generally, in solid-state imaging devices, after electrical 

i ! 

,^ components such as charge-transfer regions, channel-stop regions, 

photo-sensor regions, gate electrodes and so on were formed, a metal 

%y ■ ■ 

film for preventing light from becoming incident on other regions 
Cn than a photo-sensor region is formed as a light-shielding film. 

m ■ ■ ; , 

In conventional solid-state imaging devices, metal thin 

£3 films such as aluminum, tungsten, tungsten silicide and so on 

SI ' . 

I J deposited by sputtering have heretofore been used as the light- 
;i shielding film- The light-shielding film that was deposited by 
^'^ sputtering is processed by photo-etching to selectively remove the 
above-mentioned photo-sensor portion only, thereby resulting in 
pixels of the solid-state imaging device being formed. 

However, if the above-mentioned light-shielding film 
has a poor light-shielding characteristic, i.e. light passes other 
regions than the photo-sensor region, then light becomes incident 
on a so-called optical black portion or a phenomenon called a smear 
in which light is leaked into a charge transfer portion occurs. 
If the light-shielding film is thick, then it becomes 
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difficult to process the light-shielding film by 

microminiaturization or a dark current in the device increases and 

: I. 

a point defect increases due to damages caused on the underlayer 

upon dry etching. ! 

Moreover, if the light-shielding film cannot be reduced 
in thickness as a size of a pixel is reduced, then a length from 
an on-chip micro lens to the surface of the photo-sensor increases 
to lower a lens focusing efficiency of the on-chip micro lens and to 
thereby lower a photo-sensor sensitivity. 

On the other hand, the metal film deposited by 
□ sputtering is poor in step coverage and an effective film thickness 
Inof a side wall of a step is reduced so that light passes the metal 
^jfilm. Therefore, the film thickness of the metal film cannot be 

m' ' * ^ ■ 

Igreduced so much. In particular, a leakage of light into the 

r aluminum thin film from a grain boundary is remarkable, and hence 
- ■ , ' i ; ■ • ■ 

^3the film thickness of the aluminum thin film cannot be decreased 

"^ ■'^ • ; i ■ 

Wup to less than 400 nm, , 

U' > ' i 

P since the metal thin film', in particular, the tungsten 

■u . ; ; ; 

; thin film deposited by a CVD^ (chemical vapor deposition) which is 
widely used in the manufacturing process of semiconductors has a 
considerably satisfactory step coverage in principle, the tungsten 
film is very effective as the light-shielding film for solid-state 

; imaging devices. However, the tungsten film cannot be directly 
deposited on a silicon oxide film and is extremely low in ^dhesion 
so that an adhesion layer is indispensable for the tungsten film 
when the tungsten film is deposited on the silicon oxide film. As 
the adhesion layer, there has hitherto been used a titanium nitride 
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filp- 

liowever, since a titanium system material such as a TiN 
(titanium nitride) film has a function to adsorb hydrogen, the 
supply of hydrogen from an upper layer to reduce an interface state 
^ density of a substrate surface is hindered and the interface state 
i density remains, thereby resulting in a dark current being 
increased. 

Therefore, the titanium material is not suitable as 
the material of the light-shielding film of the solid-state imaging 

^ device . [ 

^jjV^p Since"^^he-,.§ize of pixel in CCD is reduced as a camera 

*ji is miniaturized recent lyT'-^Uiere is an increasing demand of a 
l^.^ light-shielding film which is strolKK^^ainst the transmission of 

^J] light and which may be reduced in thickness^ 

~tO" • • 

' SXJMMARY OF THE INVENTION 

s 

□ In view of the aforesaid aspect, it is an object of 

y the -^present invention to provide a solid-state imaging device and 
pa manufacturing method thereof in which a sensitivity may be 
prevented from being lowered and a smear may be suppressed as a 
pixel size is reduced and in which an excellent image quality may 
be obtained even though the solid-state imaging device is 
miniaturized. 

It is another object of the present invention to provide a 
method "of manufacturing a semiconductor device in which a ■ 
— conductive layer having an excellent adhesion with an underlayer 

and whose surface has an excellent flatness is formed in the process 
for forming a metal interconnection and the process for burying 



a contact-hole. 



cording to a first aspect of the present invention, 
there is provided a solid-state imaging device having a light- 
receiving portion fbaoaed on a semiconductor substrate and a 
light-shielding film fofitted so as to cover an electrode formed on 
the semiconductor substrate afev^east on its regions other than a 
region above the light-receiving pSlst^on. This solid-state 
imaging device is arranged such that theSkight- shielding film 
has a multilayer structure including a first Ifilm formed of a film 
r deposited by sputtering or vapor deposition and a s'aqond film 
O deposited by a chemical vapor deposition. 



According to a second aspect of the present invention, 
ithere is provided a method of manufacturing a solid-state imaging 
device which comprises the steps of forming a light-receiving 
^-^'^ portion on a semiconductor substrate, forming an electrode , on the 
^3 semiconductor substrate at least on its regions other than a region 



W above the light-receiving portion, forming an insulating film on 
□the electrode, and forming a light-shielding film so as to cover 

the insulating film, wherein the light-shielding film is formed 
-'in such a manner- that, after a first film is formed by sputtering 
or vapor deposition, a second film is formed on the first film by 
chemical vapor deposition. 



Accordamgto a third aspect of the present invention, 
there is provided a metfeQd of manufacturing a semiconductor device 
^ which comprises the steps of jfoi^tiing a first film on the surface 
of a substrate by sputtering or vapoJ^-d^TOsition, removing a native 
oxide from the surface of the first film, ^^"Tlorming a second film 



on the first tliSnsy^.^jth^ chemical vapor deposition, and forming a 
conductive film of a multiia5^9C.^film including the first film and 
the second film. 



;:cording 



to the solid-state imaging device of the 
present invent ioq, since the first film is formed of the filia 
deposited by sputteri&g-^r vapor deposition, the first film has 
an excellent adhesion with the^n'derlayer . Also, since the second 
film formed of the tungsten film de{>©^ted by the chemicaL vapor 
deposition is formed on the first film, t&fe>v^cond film is formed 
with an excellent adhesion through the first film>v^d a sufficient 
light-shielding property may be maintained by the secon^^s^lm. 



(p 



ccording to the method of manufacturing a solid-state 
vi imaging devite^ of the present invention, since the first film is 
formed of the filftL deposited by sputtering or vapor deposition. 



the first film is deposited with an excellent adhesion with the 



under layer - Also, since 



second film formed of the tungsten film 



lU is formed on the first film, th^vsecond film is formed with an 
□ excellent adhesion through the f irst"'^f4:l"^* Also, since the second 
film is deposited by the chemical vapor dep^^ition, a step coverage 
is satisfactory and a leakage of light from a s^p side wall or 
the like may be prevented, thereby making it possib^b&^to maintain 
a sufficient light-shielding property. 

According to the method of manufacturing a semiconductor 
device of the present invention, after the first film was formed, 
- the natural oxide is removed from the surface of the first film and 

then the second film is formed- Thus, the surface of the first film 

I 

may be made flat, and the surface of the second film also. may be 



. formed satisfactorily. 

BRIEF DESCRIPTION OF DRAWINGS 
FIG. I is a cross -sectional view schematicaily showing 
a solid-state imaging device according to an embodiment of the 
!- present invention; 

FIGS. 2A to 2G are manufacturing process diagrams of 
the solid-state imaging device shown in FIG- 1; and 

FIGS. 3A and 3B are diagrams showing another embodiment 
in which the present invention is applied to a method of 
^ manufacturing semiconductor devices, 
p DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Prior to the description of the preferred embodiments 

K ■ ' 

ijof the' present invention, a fundamental principle of the present 

zl invention will be described below. 
Ju 



cording to the present invention, there is provided 
pa'solid-stateNmiaging device having a light-receiving portion 
lUformed on a semicoh^uctor substrate and a light-shielding film 
□formed so as to cover ahxelectrode formed on the semiconductor 
substrate at least on its re^i^s other than a region above the 
light-receiving portion. This solid^tate imaging device is 
characterized in that the 1 ight-s hie Iding film has a multilayer 
structure including a first film formed of ^v^lm deposited by 
sputtering or vapor deposition and a second filxn^il^o sited by 
the chemical vapor deposition. " 



Q^j^^^ Accor9lng..,^to^^the present invention, there is provided 

a method of manufacturing--a,...^ol id- state imaging device which 
comprises the steps of forming a^'^iight-receiving portion on a 



^v>i^ - seniiconductor substrate, forming an electrode on the semiconductor 
(j^ substrabs^^at least on its regions other than a region above the 
' light-receiving^-pQrtion, forming 'an insulating film on the 

electrode, and forming>a^^JJ.ght- shielding film so as to cover the 
- insulating film, wherein theligivt- shielding film is formed in such 
a manner that, after a first film islCoagaed by sputtering or vapor 
deposition, a second film is formed on the firs^film by the. 
chemical vapor deposition. 
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^^^Aqcording to the present ^invention, there is provided 
_ a method of mahu^f acturing a , semiconductor device which comprises 
□ the steps of forming^^^^<irst film on the surface of a substrate 

by sputtering or vapor deposition, removing a natural oxide from 
II the surface of the first film, fdrmlhef^a second film on the 
first film by the chemical vapor, deposition r^and forming a 
conductive film of a multilayer film including the^first film and 
^3 the second film. [ 



A solid-state imaging device according to an embodiment 
of the present invention and a manufacturing method thereof will 



now be described with reference to the drawings . 
^ FIG- 1 of the accompanying drawings is a cross-sectional 

view schematically showing a solid-state imaging device 20 which is 

a' device corresponding to one pixel. 

In the solid-state imaging device 20, a photo-sensor 

(light-receiving portion) 2 is formed within a semiconductor 
^substrate 1, and a transfer electrode 4 is formed on the | 

semiconductor substrate 1 at its area other than the area in which 

the light-receiving portion 2 is formed through a gate insulating 
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film 3- A light-shielding film 6 is formed on the transfer 
electrode 4 through an interlayer insulating film 5, and this light- 
shielding film 6 is able to prevent light from becoming incident on 
the transfer electrode 4. The light-shielding film 6 has an opening 
defined on the light- receiving portion 2 to allow light to become 
incident on the light-receiving portion 2. 

An interlayer insulating film 7 is formed over the whole 
surface of the light-shielding film 6 . A planarization film 8 is 
formed on the whole surface of this interlayer insulating film 1, 
and the upper surface of the planarization film 8 is made flat- 
P Further, a color filter 9 is formed on the planarization 

^^^film 8, and an on-chip micro-lens 10 is formed on the color filter 

. ! 

Then, in this embodiment a first film 11 formed of 

1:0 ' 

^^a tungsten film deposited bjr sputtering (hereinafter referred to 
c3as an SP-W film), in particular, is formed as an adhesion film. 
yThen, a second film 12 formed of a tungsten film deposited by a CVD 
p (chemical vapor deposition) (hereinafter referred to as a CVD-W 
^'^'film) is formed on the first film 11- A two layer structure 
comprising the first and second films 11 and 12 is used as the 
light-shielding film 6. 

According to this embodiment, since the second film 
12 composed of the CVD-W film is formed on the first film 11, the 
step coverage is satisfactory and the light-shielding film 6 may 
be made sufficiently thick even in the side wall of the step, 
thereby making it possible to suppress light from passing the light- 
shielding film 6 satisfactorily- 

;8 



Further, since the first film 11 composed of the SP-W 
film is formed as the adhesion layer, the light-shielding film 6 
has a satisfactory adhesion with the underlayer such as the : 
interlayer insulating film 5. ' 

Furthermore, since the first film 11 is unable to adsorb 

; ■ i i ■ 

hydrogen, hydrogen is supplied from the interlayer insulating layer 

t' 

8 of the upper layer or the like to the surface of the semiconductor 
substrate 1 to reduce an interface state of the substrate surface, 
thereby making it possible to reduce a dark current in the solid- 
State imaging device - 
g Accordingly, without the increase of light passing the 

^Slight-shielding film 6 and the increase of the dark current in the 
1 1 solid-state imaging device, |the light-shielding film 6 may be 
?preduced in thickness. Thus, it is possible to prevent a sensitivity 
r^from being lowered and to prevent' a smear from increasing as the 
Psize of pixel is reduced. 

lu Further, since the light-shielding film 6 may be 

hreduced in thickness as described above, an accuracy in the 

1.0. i ■ ■ ■ . ' . 

microminiaturization process may be increased, thereby makxng it 

possible to prevent an image quality from being deteriorated as 

; a sensitivity becomes fluctuated. 

Furthermore, since the thickness of the light- 

; shielding film 6 is reduced, a damage caused on the underlayer upon 

I dry etching may be decreased, thereby making it possible to' reduce 

the dark current and the point defect, both of which are caused 

I ■ • " 

by the above-mentioned damage. 

This solid-state imaging device 20 will be manufactured 
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as follows . 

Initially, as shown in FIG- 2A, a light -receiving 
portion (photo-sensor) 2 of a CCD solid-state imaging device, a 
charge transfer region and a channel stop region (not shown) are 
formed on a silicon wafer 1 by a known method- Then, a transfer 
electrode 4 is formed on the charge transfer region of the silicon 
wafer 1 through a gate insulating film 3, and an interlayer 
; insulating film 5 is formed on the whole surface of the gate 
insulating film 3- j 
Then, as shown in FIG- 2B, a tungsten film having a 
□thickness of 20 to 100 nm is deposited by sputtering to form a first 
Sfilm 11 formed of an SP-W film. The film thickness of the first 
^^Jfilm 11 formed of this SP-W film is selected to be such that it 
Ipshould not be peeled off from the underlayer and that a film 
Tthickness in a coverage deepest portion (near the portion in which 
Han opening of the light-receiving portion 2 is formed later; this 
f^coverage deepest portion tends to become thinner than other 
□portions) may form an adhesion layer of the second film 12 formed of 
the next CVD-W film.* The film thickness of the first film 11 should 
preferably be made as thin as possible. 

The sputtering conditions are such that an Ar (argon) 
gas pressure is 4 mTorr and a DC output is 2 kW. 

Then, preferably, after the first film 11 composed of 
the SP-W film was deposited, a natural oxide that was formed on the 
' surface of the first film 11 is removed when the deposition . 
apparatus is exchanged - 

The natural oxide may be removed by hydrogen plasma 

10 ' 
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treatment, for example- The conditions of the hydrogen plasma 

treatment are such that a hydrogen gas pressure is 4.5 Torr, an 

r ■ 

RF output is 200W and a treatment temperature is 450**C. 

' ( * ■ 

When the natural oxide is removed, the unevenness caused 

i ■ . 

on the surface of the first film 11 due to oxidation may be made 
flat. 

Thus, the adhesion of the second film 12 formed on the 

i 

first -film 11 may be increased, and the surface of the second film 

12 may be formed with a satisfactory flatness. • 

IncardeQtally, if the surface of the second film 12, 



Pi.e. the surface of the-4ight-shielding film 6 is rough, then 
\D incident light is irregularly ^^e^J^ted on such rough surface so 
vjthat a light-receiving amount of each pIxfei...4;S fluctuated, thereby 

.cn 

rn resulting in a sensitivity being fluctuated - 



- Then, with a CVD apparatus, tungsten is deposited on 

J"! the first film 11 formed of the SP-W film to form a second film 
\^12 by using WFe as a raw material gas as shown in FIG. 2C- 
CD The film thickness of the second film 12 is selected 

in a range of from about 80 nm to' 200 nm so as to maintain a 
satisfactory light-shielding property. 

-The CVD conditions are selected such that a flow rate 
between WFe and the hydrogen gas is 1 : 100, a gas pressure is 80 
Torr and a temperature is 45 0'*C. ; 

Then, as shown in FIG. 2D, a photoresist 13 is coated 
on the light-shielding film 6 of the two layer structure comprising 
the tungsten films 11, 12, and the light-shielding film 6 is 
selectively removed by etching using this photoresist 13 as a mask. 
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thereby resulting in an opening of the photo-sensor 2 being formed 
in the light-shielding film 6. Thereafter, the photoresist 13 is 
removed as shown in FIG. 2E. 

Then, an interconnection (not shown) of circuit 
portions around the solid-state imaging device is formed by 

aluminum. ' 
' Next, as shown in FIG. 2F^ a silicon nitride film is 

formed as an interlayer insulating layer 7 by a plasma CVD, and a 

resin of a planarization layer 8 is coated on the whole surface 

of the interlayer insulating layer 7. 
C3 Further, as shown in FIG.i2G, by a known method, a color 

/^Q filter 9 and an on-chip micro lens 10 are formed in that order, 

M • : i ■ ' i . ■ 

^-J thereby resulting in a solid-state imaging device 20 being 

tn ■ ; ! -i 

^□completed. * ; 

'^^ According to this embodiment, since the light- 

H shielding film 6 has the two layer structure comprising the first 
J^film 11 formed of the SP-W film and the second film 12 formed of 
Hthe CVD-W film, the CVD-W film may provide a satisfactory step 
coverage property- Also, since the light-shielding film 6 has the 
two layer structure, the light-shielding film 6 may prevent light 
from being leaked from the grain boundary, and hence the film 
thickness of the light-shielding film 6 may be reduced to less than 
200 nm, e.g. approximately 100 nm- 
i While the first film 11 was formed of the tungsten film 

deposited by the sputtering (SP-W film) as described above, the 
present invention is not limited thereto, and the first film 11 may 
be formed of other films that may| be formed by sputtering . 

12 



Moreover, the first film 11 may be formed by other 

suitable materials such as aluminum, gold and so on deposited by a 

i 

vapor deposition instead of sputtering. 

le material of the first film 11 formed by the 



* sputtering or vapor^def^ositi^on there may be enumerated, in addition 
to tungsten, metal such as alurftiiium, gold , chromium or the like and 
metal silicide such as molybdenum siliciSfeT-^feungsten silicide or the 

like- 

Even though the first film 11 is formed by any of these 
materials, the first film 11 is unable to adsorb hydrogen unlike 
p the titanium material. Thus, it is possible to reduce the interface 

state by supplying hydrogen from the interlayer insulating film 7 of 
; i the upper layer or the like to the surface of the semiconductor 
substrate 1 . 

li^ While the natural oxide on the surface of the SP-W film 

CSwas removed by the hydrogen plasma before the CVD-W film is 

t. J 

iU deposited as described above, the present invention is not limited 

isis . 

□ thereto, and the following variant also is possible. That is, the 
SP-W film and the CVD-W film are deposited within the same apparatus 
and continuously deposited in the; vacuum atmosphere, thereby 
achieving similar effects in which the surface of the SP-W film may 
be made flat and the CVD-W film may be formed on the SP-W film with 
the excellent flatness - ' 

While the present invention is applied to the 
solid-state imaging device and the manufacturing method thereof 
as described above, the present invention is not limited thereto, 
and may be similarly applied to the manufacturing of ordinary 
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semiconductor devices. 

In the conductive layer forming process such as a 
process for forming an interconnection layer and a process for 
burying a contact hole between upper and lower interconnections 
in the multilayer interconnection, initially, a first film is formed 
by the sputtering or vapor deposition. Thus, an adhesion between 
the interconnection layer or the 'contact buried layer and the 
underlayer becomes satisfactory. ; 

bsequently, a natural oxide formed on the surface of 
' the firs f ilm i^r^oved, whereby the surface of the first film 
p is made flat- Thus, tiife-^.tlatness of the surface of an 
^ interconnection layer or the c^nt^qt buried layer formed of the 
Ij subsequent second film becomes satisfactory. As a result, the 
interconnection layer or the contact buried la^er is formed of the 
two layer structure comprising the first film and the gegond film. 
Q In the case of the contact buried layer, after a buried 

iU material is formed on the whole surface including the inside of 
h the contact hole, a material formed on other portions than the 
contact hole is removed by etch back . 

At that time, when the surface of the buried material 
layer is rough, an unwanted buried material is removed by etch back 
with reference to the highest pos'ition of the coarse portion so 
that a removal amount of an unwanted material by etch back is 

unavoidably increases or the side wall of contact hole obtained 

' I 

after etch back is unnecessarily etched away by over-etching. 

With application of the present invention, as shown 
in FIG. 3A, a first film 11, which is formed of a film deposited 
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by the sputtering or vapor deposition, is formed on an insulating 
layer 21 with a contact hole 21a on an underlayer 23. After the 
surface of the first film 11 is made flat by removing the natural 
oxide on the surface of the first film 11, the contact hole 21a is 
buried and a second film 12 is formed on the whole surface by the 
CVD, Thus, thereafter, as shown in FIG. 3B, the first film 11 and 
the second film 12 of other 'portions than the contact hole 21a are 
removed by etch back without over-etching, thereby resulting in a 
conductive buried layer 22 being formed. 

Then, the second film is formed on the first film by the 
p chemical vapor deposition, whereby the interconnection layer or 
% the contact buried layer comprising the conductive layer is formed 

with the surface of excellent flatness. 
Cn The solid-state imaging device and its manufacturing 

'^^ method and the semiconductor device manufacturing method according 
C3 to the present invention are not limited to the above-mentioned 
tiJ embodiment , and can take various modifications without departing 
p f rom the gist of the present invention. 

As described above, according to the present invention, 

I I • 

in the solid-state imaging device, since the first film having the 

excellent adhesion and the second film having the excellent step 

coverage property form the light-shielding film, the -satisfactory 

adhesion between the light-shielding film and the underlayer may 

be maintained, and the film thickness of the light-shielding film 

may be made sufficiently thick even in the side wall of the step. 

Therefore, without the increase of passing light and 

the increase of the dark current, it becomes possible to decrease 
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the film thickness of the light-shielding film. Thus, it is 
possible to prevent a sensitivity from being lowered and also to 
prevent a smear from being increased as the pixel size is reduced. 

Also, according to the present invention, since the,, 
film thickness of the light-shielding film is reduced, the accuracy 
of the microminiaturization process may be improved, thereby making 

it possible to prevent the image quality from being deteriorated 

i ■ ■ ■ 

as the sensitivity is fluctuated. 

Further, according to the present invention, since the 
light-shielding film may be reduced in film thickness, the damages 
□caused on the underlayer upon dry etching may be reduced, thereby 

making it possible to reduce the dark current and to reduce the 

hi- 

point defect. ^ 

Furthermore , according to' the semiconductor device 
^■^manufacturing method of the present invention, since the first film 
C3is formed, the conductive layer with the excellent adhesion with 

V 3 

lythe underlayer may be formed. Also, the natural oxide on the 
psurface of the first film is removed, whereby the surface of the 
^"^first film may be made flat and the flatness of the surface of the 

subsequent conductive layer may be made satisfactory. 
' Having described preferred embodiments of the 

invention with reference to the accompanying drawings, it is to 
be understood that the invention is not limited to those precise 
embodiments and that various changes and modifications could be 
effected therein by one skilled in the art without departing ' from 
the spirit or scope of the invention as defined in the appended 
claims . 
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